Finally, theoretical investigations of the variants associated with the generalized model of thermosyphon loop can offer practical advice for technical and research purposes. The space co-ordinate s circulates around the closed loop as shown in Fig. 1(b) . The total length of the loop is denoted by L, cross-section area of the channel is A, wetted perimeter is U . Thermal properties of fluid: ρ -density, p c -heat capacity of constant pressure, λ -thermal conductivity. The following assumptions are used in the theoretical model of natural circulation in the closed loop thermosyphon: 1. thermal equilibrium exists at any point of the loop, 2. incompressibility, because the flow velocity in the natural circulation loop is relatively low compared with the acoustic speed of the fluid under current model conditions, one-dimensional models are used and the flow is fully mixed. The velocity and temperature variation at any cross section is therefore neglected. The flow is fully developed and the temperature is uniform at the steady state, 6. single-phase fluid can be selected as the working fluid, 7. curvature effects and associated form losses are negligible, 8. fluid properties are constants, except density in the gravity term. The Boussinsq approximation is valid for a single-phase system, then density is assumed to vary as ( )
Single phase thermosyphon loop
"0" is the reference of steady state), 9. the effect of superheating and subcooling are neglected. Under the above assumptions, the governing equations for natural circulation systems can be written as follows: -conservation of mass:
where τ -time, w -velocity. -conservation of momentum:
where () () 0fore g ;1 f o r e g ;1 f o r e g ; 
In order to eliminate the pressure gradient and the acceleration term, the momentum equation in Eq. (2) is integrated around the loop p ds 0 s
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The flow in natural circulation systems which is driven by density distribution is also known as a gravity driven flow or thermosyphonic flow. The momentum and the energy equations in such flows are coupled and for this reason they must be solved simultaneously (Mikielewicz, 1995) .
The above governing equations can be transformed to their dimensionless forms by the following scaling:
The dimensionless momentum equation and the energy equation at the steady state for the thermosyphon loop heated from below can be written as follows:
momentum equation (with: jj Ks L ; = ) and 1f o r l a m i n a r f l o w 7 4 for turbulent flow 
with boundary conditions 
The parameters appearing in the momentum and the energy equations are the modified Biot, Rayleigh and Prandtl numbers. 
www.intechopen.com For this variant of the thermosyphon loop it has been found that the maximum of the mass flow rate appears for B/H=1,1 . The effect of geometrical parameter of the loop (length of insulation section G to height H) on the mass flow rate found numerically in the case of laminar flow at the steady state is presented in Fig. 5 . The mass flow rate increases with decreasing G/H aspect ratio, due to the decreasing frictional pressure term. The analysis was based on the equations of motion and energy for the steady-state conditions. The heat conduction term has to be taken into account in this approach because the heat transfer due to conduction is becoming an increasingly important factor for decreasing mass flow rates. The fluid starts circulation around the loop, when the Rayleigh number exceeds a critical value, which can be found using the method is zero. This means that the circulation of the fluid around the loop begins after the start up of the heating (Fig. 6 ).
Two-phase thermosyphon loop with heated from lower horizontal and vertical parts and cooled from upper horizontal and vertical parts
The variant of the two-phase closed thermosyphon loop consists of two heaters and two coolers connected by channels. A schematic diagram of a one-dimensional model of the thermosyphon loop is shown in Fig. 7 Fig. 7 . The total length of the loop is denoted by L, the crosssection area of the channel by A and the wetted perimeter by U . Thermal properties of fluid: ρ -density, p c -heat capacity of constant pressure, λ -thermal conductivity. The following additional assumptions are made in this study: 1. heat exchangers in the thermosyphon loop can be equipped by minichannels, 2. two-phase fluid can be selected as the working fluid, 3. friction coefficient is constant in each region of the loop, separate two-phase flow model can be used in calculations for the frictional pressure loss in the heated, cooled and adiabatic two-phase sections; the two-phase friction factor multiplier 2 L0
R =φ is used; the density in the gravity term can be approximated as follows:
where α is a void fraction, 4. quality of vapour in the two-phase regions is assumed to be a linear function of the coordinate around the loop, 5. effect of superheating and subcooling are neglected. In order to eliminate the pressure gradient and the acceleration term, the momentum equation in Eq. (2) is integrated around the loop p ds 0 s
After integrating the gravitational term in the momentum equation (2) 
where:
is the liquid only frictional pressure gradient calculated for the total liquid mass velocity, Gw = ρ ⋅  , Chur L0 f is friction factor of the fluid (Churchill, 1977) .
After integrating the friction term in Eq. (2) around the loop, the solution is obtained as follows 
Minichannels. Distribution of the mass flux
The following correlations have been used in calculation of the thermosyphon loop with minichannels (Table 1) : the El-Hajal correlation for void fraction (El-Hajal et al., 2003) , the Zhang-Webb correlation for the friction pressure drop of two-phase flow in adiabatic region (Zhang & Webb, 2001 ), the Tran correlation for the friction pressure drop of two-phase flow in diabatic region (Tran et al. 2000) . 
LV 0.5 L xx 1 x 10 . 1 21x CRIT dp dp ; dl dz P 1 x 2.87 x P P 1.68 1 x ; P dp dp ; dl dz 14 . 3 Y1N x 1 x x ; g dp dp The mass flux distributions G  versus heat flux H q  for the steady-state conditions and for the minichannels case, is shown in Fig. 8 . Two flow regimes can be clearly identified in Fig.  8 , namely GDR -gravity dominant regime and FDR -friction dominant regime (Vijayan et al., 2005) . Calculations were carried out using the separate model of two-phase flow. The working fluid was distilled water.
Minichannels. The distributions of heat transfer coefficient in flow boiling
The heat transfer coefficient in flow boiling was calculated for minichannels using the Mikielewicz formula (Mikielewicz et al., 2007) and also calculated using the modified Saitoh formula (Saitoh et al., 2007) . The heat transfer coefficient in flow boiling for minichannels TPB h versus heat flux H1 q  in the first evaporator is presented in Fig. 9 .
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Minichannels. The heat transfer coefficient in condensation
The condensation heat transfer coefficient for minichannels was calculated using the Mikielewicz formula Eq. (17). The term which describes nucleation process in this formula was neglected. The heat transfer coefficient for condensation in minichannels was also calculated using the modified Tang formula (Tang et al., 2000) . The condensation heat transfer coefficient for minichannels TPC h versus heat flux C1 q  in the first condenser is presented in Fig. 10 .
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The effect of geometrical and thermal parameters on the mass flux distributions
The effect of the internal diameter tube D on the mass flux for the steady-state conditions is presented in Fig. 11 . The mass flux rapidly increases with increasing internal diameter tube D. The GDR (Gravity Dominant Region) decreases with decreasing internal diameter tube D. Fig. 11 . Mass flux G  as a function of H q  with internal diameter tube D as the parameter
The effect of length of the heated section L H2 on the mass flux is demonstrated in Fig. 13 . If the length of horizontal section B is constant, the mass flux increases with increasing length of vertical section H due to the increasing gravitational pressure drop. The increase in length of the vertical section H induces an increase in both the gravitational and frictional pressure drop. However, the gravitational pressure drop grows more in comparison to frictional pressure drop. The effect of length of the heated section L H2 on the mass flux is demonstrated in Fig. 12 . The mass flux increases with increasing length of the heated section L H2 in gravity dominant region (GDR) but in friction dominant region (FDR) the mass flux decreases with increasing length of the heated section L H2 . The effect of length of the preheated section L H2P on the mass flux is shown in Fig. 14 . The mass flux increases with decreasing length of the preheated section L H2P , in gravity dominant region (GDR) due to the increasing of the gravitational driving force. The effect of length of the cooled section L C2 on the mass flux is given in Fig. 15 . The mass flux decreases with increasing length of cooled section L C2 due to the increasing length of two-phase friction section 10 9 s ; s and the increasing frictional pressure drop. The effect of length of the precooled section L C2P on the mass flux is presented in Fig. 16 . The mass flux increases with decreasing length of the precooled section L C2P due to the increasing gravitational driving force.
www.intechopen.com The effect of heat flux ratio C1 C2 on the mass flux G  versus H q  for the steady-state conditions is presented in Fig. 19 4. Two-phase thermosyphon loop with minichannels and minipump heated from lower horizontal section and cooled from upper vertical section A schematic diagram of thermosyphon loop heated from horizontal side and cooled from vertical side with minipump is shown in Fig. 20 . The minipump can be used if the mass flux is not high enough to transport heat from evaporator to condenser. Therefore, the minipump promotes natural circulation. In the equation of motion of the thermosyphon loop with natural circulation, the pressure term of integration around the loop is zero dp ds 0 ds  =    
. For the thermosyphon loop with minipump the pressure term is PUMP L PUMP dp ds p g H ds
, with MAX MAX H, V  from minipump curve ( V  -volumetric flow rate).
A schematic diagram of a one-dimensional model of the thermosyphon loop with minipump is shown in Fig. 20 . The mass flux distributions G  versus heat flux H q  for the steady-state conditions and for minichannels, is shown in Fig. 21 . Calculations were carried out using the separate model of two-phase flow. The following correlations have been used in the calculation: the El-Hajal correlation (Eq. 21) for void fraction (El-Hajal et al., 2003) , the Zhang-Webb correlation (Eq. 22) for the friction pressure drop of two-phase flow in adiabatic region (Zhang & Webb, 2001) , the Tran correlation (Eq. 23) for the friction pressure drop of two-phase flow in www.intechopen.com diabatic region (Tran et al. 2000) . The working fluid was distilled water. A miniature pump curve from (Blanchard et. al., 2004) was included in the calculation. The Fig. 21 shows the mass flux G  decreases with increasing heat flux H q  for minichannels with minipump (HHCV+P) for the steady-state condition. 
Conclusions
The presented new variants (HHVCHV, 2H2C, HHCV+P) and the previous variants (HHCH, HVCV, HHCV) described in the chapter (Bieliński & Mikielewicz, 2011) can be analyzed using the conservation equations of mass, momentum and energy based on the generalized model of the thermosyphon loop. This study shows that the new effective numerical method proposed for solving the problem of the onset of motion in a fluid from the rest can be applied for the following variants: (HHVCHV+ o 90 ψ ) and (HHCH). The results of this study indicate that the properties of the variants associated with the generalized model of thermosyphon loop depend strongly on their specific technical conditions. For this reasons, the theoretical analysis of the presented variants can be applied, for example, to support the development of an alternative cooling technology for electronic systems. The progress in electronic equipment is due to the increased power levels and miniaturization of devices. The traditional cooling techniques are not able to cool effectively at high heat fluxes. The application of mini-loops can be successful by employing complex geometries, in order to maximize the heat transferred by the systems under condition of single-and two phase flows. The obtained results show that the one-dimensional two-phase separate flow model can be used to describe heat transfer and fluid flow in the thermosyphon loop for minichannels. The evaluation of the thermosyphon loop with minichannels can be done in calculations using correlations such as the El-Hajal correlation (El-Hajal et al., 2003) for void fraction, the
